Page 160

THE VELIGER

Vol. 18; No. 2

feeding by parasites in heavy infections can lead to com-
plete destruction of the gonads and sterilization of the
host (parasitic castration).

From a comparison of normal and infected digestive
gland histology, the presence of rediae appears to reduce
the number of gland acini. This reduction is probably
due to active ingestion by redial stages, as reported by
PORTER et al. (1967), READER (1971) and RoBson & WiL-
Liams (1971), though litte direct histologic evidence for
this pattern of redial feeding behavior is noted in Ceri-
thidea californica. Perhaps mechanical pressures of de-
veloping parasites (JamEes, 1965; PorTER, 1970; READER,
1971) or the presence of secretions or excretions of par-
asite origin (CHENG & BurToNn, 1965; PorTER, 1970;
CHENG et al., 1973) also contribute to the decrease in
acinar number. This is supported by the observation that
heavy infections of Spelotrema nicolli and the strigeid,
both utilizing sporocysts which do not feed by pharyngeal
ingestion, also result in a reduction of digestive tubules.
YosHiNo (1974) has reported some light and electron mi-
croscopic evidence for cellular degeneration in deeper di-
gestive gland tissues of C. californica infected with rediae
of Euhaplorchis californiensis. This suggests that damage
to the digestive gland acini may be through indirect as well
as direct redial/tissue contact.

The occurrence of multiple trematode infections within
a single host is well documented, especially for marine
prosobranchs. Multiple infections have been reported by
HUNTER (1942) and MARTIN (1955) in Cerithidea califor-
nica; VERNBERG et al. (1969) in the mudsnail, Nassarius
obsoletus; and RoBsoN & WiLLiams (1970) in the peri-
winkle, Littorina littorea (Linnaeus, 1758). Both MARTIN
(op. cit.) and VERNBERG et al. (op. cit.) mention a noncon-
formity between the number of observed multiple infec-
tions, especially those involving echinostome species, and
the number of infections expected by random combina-
tion. A similar situation also has been noted for multiple

infections in freshwater gastropods (Cort et al., 1937;
Bourns, 1968; Lik, 1966). Multiple infections in C. cali-
fornica from Goleta Slough do conform generally to ex-
pected frequencies, even when involving some species of
echinostomes. The strigeid represents a notable excep-
tion, being observed only in double infections, never
singly. This suggests that establishment of strigeid infec-
tions in Cerithidea may depend upon a prior infection of
another trematode species which has in some manner al-
tered the host’s susceptibility to infection. A synergistic
relationship such as this, however, can only be confirmed
by controlled experimental infections in the laboratory.
In a recent review of mechanisms governing interspe-
cific larval trematode interactions within a host, DE-
CoOURSEY & VERNBERG (1974) summarize the major kinds
of interaction recognized in the literature today. They
include: 1) complete coexistence, 2) preferential tis-
sue selection, 3) longitudinal or radial displacement of
one species, 4) cannibalism of one species on another
(direct antagonism), 5) indirect antagonism, 6) hyper-
parasitism, and 7) alteration of the host’s internal en-
vironment affecting its resistance. The occurrence of
Renicola buchanani (mantle wall) with Euhaplorchis cali-
forniensis or the strigeid (visceral spiral) is possible since
the selection of different tissue types allows for spacial
separation between the species. However, when E. cali-
forniensis and the strigeid (both found primarily in the
gonadal tissues) are present concurrently, E. californien-
sis (dominant species) will displace the strigeid, forcing
it into the digestive gland, a locus of secondary preference
(Figure 10). One combination involving E. californiensis
and the echinostome, Parorchis acanthus,was not observed
during the present survey, though, according to random
chance, this combination should have occurred about 3
times. However, during a recent study by the author of
Cerithidea’s cellular blood system, one such combination
was encountered. Histologic examination reveals Par-

Explanation of Figures 8 to 11

Figure 8a:Cross-section of intestine (rectal region) in the mantle
wall of an uninfected Cerithidea californica. Hematoxylin and
eosin, approximately X 100
Figures 8b, 8c: Sporocysts of Renicola buchanani (toluidine blue)
and rediae of Catatropis johnstoni (hematoxylin and eosin), respec-
tively, infecting the mantle region of Cerithidea. X 120
Figure 9: Infection of gonadal region by sporocysts of the strigeid
(furcocercous cercaria). Toluidine blue. X 120

Figure 10: Double infection of the gonadal and digestive gland

DG - Digestive Gland Tubules
CE - Cercarial Stage(s)
IN - Intestine

regions by larval stages of Euhaplorchis californiensis and strigeid
sporocysts. Toluidine blue. X 120
Figures 11a, 11b, 11c: Double infection of the gonadal region
by Parorchis acanthus rediae, and rediae and cercariae of Euhapl-
orchis californiensis. Toluidine blue. a) P. acanthus rediae occu-
pying gonadal area of the anterior visceral spiral X 120. b) E.
californiensis rediae and cercariae in the posterior region of the vis-
ceral spiral. X 120. c¢) Parorchis rediae with ingested cercariae of
Euhaplorchis. X 300

MA - Mantle Tissues
RE - Redial Stage(s)
SP - Sporocyst Stage(s)
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orchis to be strongly antagonistic towards E. californien-
sis, laterally displacing, by active predation, the hetero-
phyid in a posterior direction in the host (Figures 11a,
11Ib, 11c). These observations lend support to the nega-
tive inference that double infections involving Parorchis
rediae are rare due to their antagonistic behavior towards
other trematode species. A single observation is not, how-
ever, very reliable and confirmation of this kind of inter-
action must await double infection experiments on Ceri-
thidea, similar to those being performed on freshwater
planorbids (reviewed by Lim & HEYNEMAN, 1972).
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